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Abstract
Common protein sources used in the manufacturing of diets for dogs are derived from by-products, which may have 
reduced digestibility depending on the source. This study evaluated the effect of the addition of a protease, the papain 
enzyme, as a supplement to extruded diets on palatability, nutrient digestibility, and fecal production and quality of 
dogs. A diet was formulated with poultry by-product meal, meat and bone meal, and feather meal as protein sources. 
This formula was divided into three isonutrient diets: one negative control (NC), without enzymes; treatment one 
(EZ1) with addition of 855.000 UI of papain per kilogram of diet, and treatment two (EZ2) with addition of 2.280.000 
UI of papain per kilogram of diet, both added before extrusion. The experiment followed a randomized block design, 
with two blocks of nine animals (three animals per treatment in each block), 18 dogs in total, and six replicates per 
treatment. Data were submitted to analysis of variance and the means of three treatments were compared by polynomial 
contrasts (P < 0.05). No differences in the coefficients of total tract apparent digestibility of nutrients nor changes in 
palatability, pH, and fecal production among treatments were found with the addition of different doses of enzyme to 
the diets (P > 0.05). The fecal score was reduced with increased addition of enzyme (P < 0.05).
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Resumo
As fontes comuns de proteína utilizadas na fabricação de rações para cães são oriundas de coprodutos, os quais podem 
apresentar digestibilidade reduzida de acordo com a fonte. Este estudo avaliou os efeitos da adição da enzima papaína 
em dietas secas e extrusadas na palatabilidade, digestibilidade dos nutrientes, qualidade e produção fecal de cães 
adultos. Uma dieta foi formulada contendo farinha de vísceras de frango, farinha de carne e ossos e farinha de penas 
hidrolisadas como fontes proteicas. Esta foi posteriormente dividida em três dietas isonutrientes: controle negativo 
(CN) sem adição da enzima; adição de 855.000 UI de papaína por quilograma de ração (EZ1); e adição de 2.280.000 UI 
de papaína por quiilograma de ração (EZ2), ambas adições feitas antes da extrusão. O experimento seguiu delineamento 
em blocos casualizados, com dois blocos de nove animais (três animais por tratamento em cada bloco), totalizando 18 
cães, e seis repetições por tratamento. Os dados obtidos foram submetidos a análise de variância, com as médias dos 
três tratamentos comparadas por contrastes polinomiais (P < 0,05). Não foram verificadas diferenças nos coeficientes 
de digestibilidade aparente dos nutrientes ou mesmo alterações na palatabilidade, pH e produção de fezes entre os 
tratamentos com diferentes inclusões de enzima (P > 0,05). Apenas o escore fecal reduziu com o aumento da adição da 
enzima (P < 0,05).
Palavras-chave: Aditivo. Canino. Digestibilidade. Proteína.
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Introduction
In order to improve the nutritional value of products, the 
use of exogenous feed additives has increased. Exogenous 
enzymes may improve the digestibility of nutrients by reducing 
anti-nutritional factors that promote increased nutrient 
availability for digestion (FUENTE; SOTO-SALANOVA, 
1997), in addition to promoting a reduction in the synthesis 
of endogenous enzymes; therefore, the body provides more 
amino acids for protein synthesis (ZANELLA et al., 1999). 
According to Wang et al. (2006), supplementation with 
enzymes has the potential to improve the use of amino acids 
in the diet and reduce supplementation costs.
Proteolytic enzymes are one of the most important groups 
of industrial enzymes (KUMAR; TAKAGI, 1999). Among 
proteases, papain family stands out for being one of the most 
widely studied (GRZONKA et al., 2001). It is extracted from 
the latex of papaya (Carica papaya), with the appearance 
of viscous fluid with about 15% dry matter. The portion 
containing the enzyme corresponds to 40% of the dry matter 
content and more than 80% of the total enzyme fraction is 
composed of the sum of cisteinases and endopeptidases 
(AZARKAN et al., 2003). After the release of latex from the 
plant, endopeptidases present in latex veins as inactive pro-
forms are rapidly converted into active enzymes (SILVA et 
al., 1997; MOUTIM et al., 1999). Although papain represents 
only about 8.0% of papaya endopeptidases, this was the most 
easily purified (MITCHEL et al., 1970).
According to Mezhlumyan et al. (2003), the strong 
proteolytic action of exogenous proteases could increase the 
digestibility of protein sources. Another benefit would be the 
possible release of amino acids, which could provide flavor 
and taste to food through the neuroreceptors of dogs (NRC, 
2006).
Poultry by-product meal, meat and bone meal, and feather 
meal have already been used in the formulation of diets for 
dogs, but their inclusion cannot be increased due to the risk 
of digestibility reduction and decreased quality of animal feces 
(MURRAY et al., 1997; CAVALARI et al., 2006). Thus, the 
addition of papain enzyme has the potential to provide greater 
inclusion of these ingredients, reducing the formulation cost 
without compromising palatability, nutrient digestibility, and 
fecal quality.
Given the above, this study aimed at evaluating the effects 
of the addition of papain enzyme in extruded diets for adult 
dogs on palatability, digestibility, and fecal output.
Material and Methods
The project was approved by the Ethics Research 
Committee on Animal Use (CEUA), College of Agricultural 
and Veterinary Sciences, São Paulo State University 
(UNESP), in Jaboticabal (Protocol 019479/11 of 05/09/2011).
Experimental diets
An isonutrient diet was formulated (Table 1), in which 
nutritional composition reached recommendations for 
maintenance of adult dogs according to the Association of 
American Feed Control Officials (2008). This formulation was 
divided into three treatments on the basis of papain addition: 
negative control (NC) without the addition of enzyme; 855.000 
UI addition of papain enzyme per kilogram of diet (EZ1); 
addition of 2.280.000 UI of papain enzyme per kilogram of 
diet (EZ2). The papain enzyme used was extracted from the 
latex of papaya fruits (Carica papaya), product commercially 
known as Papain (Sigma Aldrich, St. Louis, EUA), and added 
in the pre-conditioning phase of extrusion process for each 
treatment. The process sequence of the diets was NC, EZ1, 
and EZ2. The analyzed chemical composition of the diet (as-
fed basis) was: 8.54% moisture, 27.13% crude protein, 11.74% 
acid-hydrolyzed fat, 2.68% crude fiber, 7.72% mineral matter, 
and 4.56 kcal/g gross energy.
Animals and study design
Eighteen male and female beagle dogs with 7.5 ± 
1.5 years old and 12.2 ± 2.0 kg of body weight were used. All 
animals were clinically evaluated prior to the beginning of 
the study and considered healthy. During the digestibility 
assay, animals were individually housed in metabolic cages 
(0.9 x 0.9 x 0.9 m) equipped with a system to separate feces 
and urine for collection. The amount of food offered was 
calculated according to the metabolizable energy value 
of food and energy requirement of the animal, estimated 
according to the following equation MER = 130 x BW0.75 
(NRC, 2006). The total amount was divided into two equal 
daily meals and offered at 8:30 AM and 5:30 PM. Water 
was provided ad libitum.
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The experiment followed a randomized block design with 
three diets and two blocks of nine animals each, for a total 
of 18 dogs and six replicates per diet. In each period diet 
adaptation occurred from days 1 to 5, and total collection of 
feces and urine from days 6 to 10.
Digestibility
During the collection period, feces and urine volume 
were individually collected, weighed and/or measured 
twice a day and kept frozen (-15°C) until analysis. Stool 
produced during the collection period was evaluated for 
dry matter content, organic and mineral matter, crude 
protein, crude fiber, fat, and gross energy. During the 
collection fecal quality was measured according to the 
following score system: 0 = liquid stools; 1 = soft and 
formless stool; 2 = soft and malformed stool, taking the 
form of the collection container; 3 = soft, formed, moist 
feces, marking the floor; 4 = well-formed and consistent 
stool that does not mark the floor; 5 = well-formed, hard 
and dry stool (CARCIOFI et al., 2008). The fecal pH was 
the mean measured during the last 3 consecutive days of 
collection.
Based on laboratory results, the coefficient of total 
tract apparent digestibility of nutrients (CTTAD) of dry 
matter (DM), crude protein (CP), acid-hydrolyzed fat 
(AHF), organic matter (OM), nitrogen free extract (NFE), 
and gross energy (GE) were calculated according to the 
equation of Pond et al. (1995).
Laboratory analyses
At the end of each experimental period, the pool feces 
samples of each animal were thawed, homogenized and 
dried in a forced air oven at 55°C for 72 hours. Feces 
and diet samples were analyzed for dry matter (DM), 
crude protein (CP), crude fiber (CF), mineral matter 
(MM), and acid-hydrolyzed fat (AHF) according to 
the Association of the Official Analytical Chemists 
(2005). Gross energy (GE) was determined by bomb 
calorimeter (Model 1261; Parr Instrument Company, 
Moline, IL, USA). Moisture content was calculated 
by 100 – %DM. Nitrogen-free extract (NFE) was 
determined using the following equation NFE% = 100 – 
(% Moisture + % CP + % CF +  % AHF  +  %  MM). 
The organic matter was obtained by subtracting the ash 
content from the dry matter content.
Statistical Analyses
Data were evaluated using the GLM function of the SAS 
software (Statistical Analysis System for Windows 9.3, SAS 
Institute Inc., Cary, USA). The model used considered the 
block, treatment, and animal effects. Means were compared 
by polynomial contrasts. Values of P < 0.05 were considered 
significant.
Table 1 –  Ingredient composition of experimental diets – FCAV/
UNESP, Jaboticabal, SP – 2012
Ingredient (g/kg DM) Diets
1
NC EZ1 EZ2
Maize 440.90 439.40 436.90
Poultry by product-meal 173.00 173.00 173.00
Broken rice 100.00 10.00 10.00
Meat and bone meal 80.00 80.00 80.00
Poultry fat 66.30 66.30 66.30
Feather meal 60.00 60.00 60.00
Wheat bran 50.00 50.00 50.00
Brewer’s dried yeast 10.00 10.00 10.00
Vitamin-mineral premix2 5.00 5.00 5.00
Salt 5.00 5.00 5.00
Potassium chloride 4.10 4.10 4.10
Calcium carbonate 2.30 2.30 2.30
Choline chloride 2.00 2.00 2.00
Mold inhibitor3 1.00 1.00 1.00
Antioxidant4 0.40 0.40 0.40
Papain enzyme  - 0.15 0.40
1 NC, without enzymes; EZ1, addition of 855.000 UI of papain enzyme per kilogram 
of diet; EZ2, addition of 2.280.000 UI of papain enzyme per kilogram of diet
2 Addition for kg of product: Iron 100 mg; Copper 9.25 mg; Manganese 6.25 
mg; Zinc 150 mg; Iodine 1.87 mg; Selenium 0.13 mg; vitamin A 18.7500 UI; 
vitamin D 1500 UI; vitamin K 0.15 mg; Thiamine 5 mg; Riboflavin 16 mg; 
Pantotenic acid 35.75 mg; Niacin 62.5 mg; Piroxidin 7.5 mg; Cobalamin 45 
mcg; Folic acid 0.75 mg
3 Mold-Zap Aquativa, Alltech Brazil Ltda Agro Araucaria, PR, Brazil): ammonium 
propionate, propanediol, propionic acid, acetic acid, lactic acid, ascorbic acid, 
formic acid, potassium sorbate
4 Banox, (Alltech Brazil Ltda Agro Araucaria, PR, Brazil): BHA, BHT, propyl 
gallate and calcium carbonate
Palatability evaluation
The food preference test was conducted at the Mogiana 
Alimentos SA (Guabi) company, Campinas – SP, with a 
qualified panel of 45 adult, male and female dogs of all sizes 
and breeds. The experimental period was 24 hours and 
food was offered twice daily in alternate sides of the feeder 
at each meal, and the amount of food offered was twice 
the maintenance energy requirement (CARCIOFI, 2008). 
Palatability was assessed by calculating the intake ratio (IR), 
according to the formula: IR = food intake A / (food intake 
A + food intake B), in which: IR = less than 0.49, preference 
for food B; IR = 0.49 to 0.61, no preference or the same food 
palatability; IR = greater than 0.61, preference for food A. The 
following palatability challenges were conducted: NC x EZ1, 
NC x EZ2, and EZ1 x EZ2.
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Results
All diets were adequately consumed by dogs, and 
no episodes of vomiting, diarrhea or refusal were 
observed, suggesting tolerance regarding the inclusion 
of enzymes.
During the palatability test, a comparison between NC 
and EZ1 treatments obtained RI = 0.78, which indicated 
preference for NC. The comparison between NC and EZ2 
obtained RI = 0.55, or no preference for any food. Finally, the 
ingestion ratio of EZ1 and EZ2 treatments was 0.77, indicating 
preference for EZ1 (Figure 1).
Nutrient intake and the coefficient of apparent digestibility 
results are shown in table 2. The papain inclusion did not affect 
the DM, OM, CP, AHF, MM, NFE intake (P > 0.05), except 
the CF (P < 0.05), where a positive linear effect was observed 
with an inclusion of enzymes. With regards to the coefficient 
of apparent digestibility, none of the nutrients were influenced 
by enzyme addition (P > 0.05). Regarding the fecal parameters 
assessed (Table 3), only the fecal score differed among diets 
(P < 0.05), and the lowest score was observed on the EZ2 
treatment. Fecal pH, fecal dry matter and fecal organic matter 
did not differ between treatments.
Figure 1 –  Comparison of intake rate between NC (negative control, without the addition of enzyme) and EZ1 (855.000 UI addition 
of papain enzyme per kilogram of diet), NC and EZ2 (2.280.000 UI addition of papain enzyme per kilogram of diet) and 
the ingestion ratio of EZ1 and EZ2
Table 2 – Nutrient intake and digestibility coefficients of experimental diets – FCAV/UNESP, Jaboticabal, SP – 2012
 Item
Diets1
SEM2 P-value
Polynomial contrasts
NC EZ1 EZ2 Linear Quadratic
Body weight averaged (kg) 11.18 12.05 13.30 0.820 0.301 - -
Food Intake (g/dog/day) 
Dry matter 189.9 201.91 217.50 10.18 0.272 - -
Organic matter 190.92 202.46 216.44 10.19 0.326 - -
Mineral matter 17.33 18.06 20.94 0.94 0.070 - -
Crude protein 61.95 65.67 69.95 3.30 0.348 - -
Ether extract in acid hydrolysis 26.55 28.11 30.90 1.43 0.194 - -
Crude fiber 5.39 6.66 7.50 0.32 0.003** < 0.001** 0.603
Nitrogen free extract 97.00 102.01 108.07 5.13 0.427 - -
Apparent digestibility coefficients (%)
Dry matter 83.99 82.50 83.22 0.73 0.545 - -
Organic matter 87.79 86.35 86.99 0.60 0.400 - -
Mineral matter 42.05 39.30 44.08 2.33 0.560 - -
Crude protein 84.80 83.56 83.63 0.76 0.642 - -
Ether extract in acid hydrolysis 91.72 90.55 91.13 0.36 0.350 - -
Crude fiber 28.39 32.86 36.14 3.43 0.216 - -
Nitrogen free extract 91.94 90.48 91.51 0.53 0.276 - -
Gross energy 88.36 86.65 87.71 0.58 0.252 - -
1 NC, without enzymes; EZ1, addition of 855.000 UI of papain enzyme per kilogram of diet; EZ2, addition of 2.280.000 UI of papain enzyme per kilogram of diet; 
2 SEM, standard error of the mean. **P < 0.01
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Discussion
No preference for either diet could be observed – the 
addition of papain did not change the palatability of these 
diets. Félix et al. (2012) found that the supplementation 
with carbohydrase enzymes stimulated food intake in dogs, 
as the first choice when compared to the same diet without 
enzymes. No other information in literature about this effect 
in dogs was found, and more studies are needed in order to 
understand the role of enzymes in stimulating food intake in 
these animals.
Differences in nutrient intake among treatments were 
observed only for crude fiber, and the CTTAD of all 
nutrients did not show a significant difference. The higher 
fiber consumption has a direct relation with fecal score 
alteration, which was also observed in this study. Depending 
on the type, fiber has a different function in the fecal matter 
formation, maintenance of gastrointestinal tract transit 
and peristalsis. Further discussion of these results and the 
actual assertion is also limited due to the methodology of 
analysis employed, which did not distinguish the type of 
fiber consumed. Thus for the higher consumption of crude 
fiber observed, the authors attribute this finding to the 
methodology used for the determination of fiber content. 
Crude fiber is a deficient technique that underestimates the 
amount of fiber present in the samples, by destroying all its 
soluble and part of the insoluble fractions (CECCHI, 2003).
This technical deficiency is proven in the evaluation 
of food for dogs and cats by the studying of Oliveira et al. 
(2012) in which six dry dog foods and six dry cat foods 
were evaluated for fiber composition and digestibility, 
comparing a total dietary fiber, neutral and acid detergent 
fiber and crude fiber. The results demonstrated that crude 
fiber analysis did not correlate with any other method.
Another recent study (FARCAS et al., 2013) evaluates the 
differences between maximum crude fiber concentrations 
and total dietary fiber concentrations (which would be 
the gold standard method currently) in 20 dry and 
20 moist non-therapeutic foods for dogs, and the authors 
concluded that in lack of information on total dietary fiber 
concentration (as is the case of our study) no crude fiber 
concentration appears to be a particularly reliable indicator 
of fiber concentration and composition of a canine diet.
The main limitation is related to the fact of not separating 
the cellulose from hemicellulose and solubilizing part of 
the lignin as well as hemicellulose. This method provides 
values that may change due to use of too drastic digestion, 
which leads to loss of some components (CECCHI, 2003), 
and therefore the values and the differences obtained in 
our study may not be substantially affirmed.
In broilers, Garcia et al. (2000) found that the digestibility 
coefficients of DM, CP, and GE of experimental diets were 
not affected by the addition a multi-enzymatic complex 
(alpha-galactosidase, pectinase, cellulose, and protease). 
Likewise, in the study by Ruiz et al. (2008), the enzymatic 
complex (amylase, pentosanase, cellulase, protease, and 
alpha-galactosidase) did not promote increase in the 
nutrient digestibility of diets for pigs. However, these 
results differ from those found by Barbosa et al. (2008), 
where the supplementation of the enzymatic complex 
(amylase, protease, xylanase, and phytase) in diets based on 
corn and soybeans, with low nutritional content availability 
to the animal, improved the digestibility of CP, calcium, 
and phosphorus in the performance of broilers.
Also with dogs (SÁ et al., 2013), the addition of 
different doses of a blend of enzymes (glucanase, xylanase, 
cellulase, glucoamylase, amylase, phytase) before and after 
extrusion in wheat bran based diets for dogs did not result 
in significant changes in digestibility and fecal quality 
(P < 0.05). In the study of Twomey et al. (2003a) the CTTAD 
of CP was reduced linearly (P < 0.001) with increasing 
Table 3 –  Production and fecal characteristics of dogs according to the consumption of experimental diets – FCAV/UNESP, 
Jaboticabal, SP – 2012
Item
Diets1
SEM2 P-value
Polynomial contrasts
NC EZ1 EZ2 Linear Quadratic
Fecal pH 6.70 6.62 6.70 0.10 0.9201 - -
Fecal score3 3.92 3.8 3.02 0.12 0.0002** < 0.001** 0.042*
Feces dry matter (g/dog/day) 31.13 36.12 37.25 2.13 0.1923 - -
Fecal dry matter (%) 40.37 40.05 38.98 0.89 0.0695 - -
Feces organic matter (g/dog/day) 77.44 90.75 96.13 6.24 0.1092 - -
1 NC, without enzymes; EZ1, addition of 855.000 UI of papain enzyme per kilogram of diet; EZ2, addition of 2.280.000 UI of papain enzyme per kilogram of diet
2 SEM, standard error of the mean
3 Fecal score – scores from 0 to 5. *P < 0.05; **P < 0.01
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levels of soluble non-amylaceous polysaccharide, but 
increased (P < 0.01) with the spray of enzymes (xylanase, 
glucanase, and amylase). The enzyme solution was sprayed 
onto the feed at the time of feeding. The dogs that did not 
receive the enzyme received an equivalent amount of water 
added to their diets before the meal.
In the extrusion process the mixture of ingredients 
remains in conditioner from 8 to 180 seconds and can 
reach temperatures up to 90°C and further, achieving 
140°C during extrusion (LOGATO, 2000). According to 
Oliveira (2000) and Batistuzzo et al. (2006), above 80°C 
protease can undergo rapid inactivation. Also according 
to Batistuzzo et al. (2006), the pH has great influence on 
the activity of the enzyme papain, since it acts at a pH of 
3.5 to 9.0 with the optimum activity between pH of 5.0 
and 7.0. When the pH of the solution is greater than 9.0 
or less than 3.0 the enzyme is rapidly inactivated. This fact 
reinforces that the inactivation of the enzyme was not only 
due to the temperature of the extrusion, but also due to the 
low pH of the stomach of dogs, which is physiologically 
below 3.0 according to Case et al. (2011),
Considering the above and based on the results of this 
study, it is not possible to affirm if the papain enzyme 
dosage was insufficient or if the enzyme added in the 
diets was inactivated during the extrusion process or in 
the dog stomach.
Few studies have evaluated the effects of food processing 
on the action of enzymes, a fact that hinders further 
discussion as none focuses on protease activity (SHIN et 
al., 2005; DE PILLI et al., 2009; SÁ et al., 2013),
In the study of Twomey et al. (2003b), a total of 1000 mL 
of an enzyme solution containing xylanase (225.000 UI), 
α-amylase (18,750 UI), α-glucanase (82,500  UI), 
hemicellulase (6 × 107 UI), pectinase (4 × 106 UI), and 
endoglucanase (150,000 UI) were prepared in sufficient 
quantity for each ton of food manufactured, following 
a 200 times dilution to aid homogeneity of mixing. The 
enzyme solution was sprayed onto the feed at the time 
of feeding, and the addition of the enzyme significantly 
increased the fecal scores of dogs fed with diets based on 
corn, sorghum, poultry meal, and maize gluten. In the 
referred study fecal samples were scored using the Waltham 
Fecal Scoring System (MOXHAN, 2001). The difference in 
fecal scores among diets made with rice, corn and sorghum 
was small and did not cause the fecal mean score to exit 
the ideal range – similar results were found in this study. It 
is important to remember that the scale used in this study 
is inverted to express the same score. In another study the 
inclusion of different dosages of enzymes blend (proteases, 
cellulases, pectinases, phytases, betaglucanases, xylanase) 
did not influence production and fecal quality of dogs fed 
diets with soybean meal (TORTOLA et al., 2013).
Cowieson et al. (2006) observed that some exogenous 
enzymes might increase the excretion of endogenous 
material from the gastrointestinal tract. The excretion of dry 
matter and endogenous energy increased (P < 0.05) with 
the administration of pectinase, protease, and cellulase, 
compared to broilers that received the control treatment. 
The addition of protease increased (P < 0.05) the excretion 
of all amino acids except for histidine, isoleucine, leucine, 
tyrosine, and valine. This loss may cause an increase in 
endogenous energy losses, nitrogen, amino acids, and 
dry matter in the excreta. Nonetheless, this effect may not 
be applicable to this study because, in theory, the papain 
enzyme was inactivated in the extruder barrel, in addition 
to denature and loss of its function in the stomach of dogs.
Conclusion
The use of papain enzyme under the conditions of this 
study did not influence the palatability of the diets, nor 
nutrient digestibility or fecal production. Studies regarding 
the influence of the extrusion process and different doses 
of this enzyme may be necessary in order to understand 
its effect in palatability and digestibility of nutrients in 
diets for dogs.
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